DEVICE AND METHOD FOR COMPRESSING AND DECOMPRESSING 

DATA FOR GRAPfflCS DISPLAY 



FIELD OF THE INVENTION 

[0001] The present invention relates to a device and a method for 
compressing and decompressing data, and more particularly to a device and a 
method for compressing and decompressing data for graphics display. 

BACKGROUND OF THE INVENTION 

[0002] In a conventional computer system of Fig. 1, a north bridge chip 1 1 
and a south bridge chip 12 are used to control data flows among a 
microprocessor 10, a system memory 13, and a plurality of I/O devices 
including a graphics card 14. The microprocessor 10 accesses graphics data of 
the system memory 13 or outputs graphing commands to the graphics card 14 
via the north bridge chip 11. The system memory 13 is usually a dynamic 
random access memory (DRAM). The graphics card 14 is electrically 
connected to the north bridge chip 11 via a PCI (Peripheral Component 
Interconnect) or AGP (Accelerated Graphics Port) bus, and comprises a graphics 
chip 141, a local memory 142 and an analog-to-digital (A/D) converter 143. 
The local memory 142 of the graphics card 14 is usually used as a frame buffer. 
Furthermore, the AGP memory 131 of the system memory 13 can be accessed 
by the graphics chip 141 in a directly access mode, and used as a texture buffer. 
[0003] Nowadays, many electrical appliances are widely used with 
computers due to the amazing power of computers. So far, the image source 
processed by a computer system includes, for example, a TV tuner 15. The 
analog signals from the TV tuner 15 are firstly transmitted to the graphics card 
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14 and converted into digital signals by the analog-to-digital converter 143. 
Then, the digital signals are transmitted to the graphics chip 141 to be processed. 
The processed image signals are written in the frame buffer of the local memory 
142, and then read out to be displayed. On the other hand, the digital image 
signals are vmtten in the AGP memory 131 of the system .memory 13 in a direct 
memory access (DMA) mode. The digital image signals stored in the AGP 
memory 131 of the system memory 13 are further converted into a file and 
stored in a non- volatile memory device such as a hard disc 16. 
[0004] Since the amount of image data are huge, large memory space, 
memory bandwidth, bandwidth of the PCI (Peripheral Component Interconnect) 
or AGP (Accelerated Graphics Port) bus and even storage space of the non- 
volatile memory device are required for pickup and display of the image data. 
The tremendous image data transmission might reduce the overall performance 
of the computer system. Therefore, proper compression and decompression 
operations are desirably performed to solve these problems. 

SUMMARY OF THE INVENTION 

[0005] It is an object of the present invention to provide a method and a 
device for compressing and decompressing data for graphics display, which 
reduce image data amount in transmission, so as to enhance performance of the 
computer system. 

[0006] In accordance with a first aspect of the present invention, a data- 
compressing method comprises steps of operating a first and a second data to 
take a difference between the values of the first and the second data; encoding 
the difference into a first recovery data code having a bit number less than m 
when the absolute value of the difference is less than a first threshold; encoding 



the difference into a second recovery data code having a bit number equal to m 
w^hen the absolute value of the difference is no less than the first threshold but 
no greater than a second threshold; and encoding the difference into a third 
recovery data code proportional to the difference when the absolute value of the 
difference is greater than the second threshold. 

[0007] The first and the second data represent luma or chroma values of 
two immediately adjacent pixels. 

[0008] Preferably, a bit number of the difference is equal to m, and a bit 
number of the third recovery data code is equal to m, 

[0009] Preferably, the bit number of the first recovery data code varies 
with the difference. 

[0010] Preferably, each of the first and the second recovery data codes 
corresponding to the difference having the absolute value greater than zero but 
no greater than the second threshold includes a tag bit representing the sign of 
the difference. 

[0011] Preferably, the third recovery data code corresponds to a half of the 
difference. 

[0012] In one embodiment, the first and the second recovery data codes are 
obtained according to a correlation table. 

[0013] A data-decompressing method as follows is preferably used with 
the data-compressing method mentioned above. The data-decompressing 
method comprises steps of: receiving a recovery data code; determining whether 
the recovery data code is the first, the second or the third recovery data code; 
realizing the difference according to the recovery data code and the correlation 
table when the recovery data code is the first or the second data code; realizing 
the difference by proportionally operating the recovery data code when the 



recovery data code is the third data code; and adding the difference to the first 
data to recover the second data. 

[0014] A second aspect of the present invention relates to a data- 
compressing method, comprising steps of: operating a first and a second data to 
take a difference between the values of the first and the. second data; encoding 
the difference into a -first recovery data code having a bit number less than m 
when the absolute value of the difference is less than a first threshold; encoding 
the difference into a second recovery data code having a bit number equal to m 
when the absolute value of the difference is no less than the first threshold but 
no greater than a second threshold; and encoding the second data into a third 
recovery data code when the absolute value of the difference is greater than the 
second threshold. 

[0015] In one embodiment, the third recovery data code includes a 
designated bit grafted to selected bits of the second data. The third recovery 
data code is obtained by truncating the end bit of the second data and grafting 
the designated bit as the leading bit of the second data. 

[0016] Preferably, each of the first and the second recovery data codes has 
a characteristic bit different from a characteristic bit of the third recovery data 
code. The characteristic bit, for example, can be the leading bit of each of the 
recovery data codes. For example, the characteristic bit is "1" for each of the 
first and the second recovery data codes, and "0" for the third recovery data 
code. 

[0017] A data-decompressing method as follows is preferably used with 
the data-compressing method mentioned above. The data-decompressing 
method comprises steps of: receiving a recovery data code; checking the 
characteristic bit of the recovery data code to determine whether the absolute 



value of the difference is greater than the second threshold; realizing the 
difference according to the recovery data code and a correlation table, and 
adding the difference to the first data to recover the second data when the 
absolute value of the difference is no greater than the second threshold; and 
truncating the leading bit of the recovery data code and tagging an end bit to the 
recovery data code to recover the second data when the absolute value of the 
difference is greater than the second threshold. 

[0018] According to a third aspect of the present invention, a data 
compressing and decompressing device for use with an image pickup device and 
a frame buffer comprises: a first data register in communication with the image 
pickup device for storing therein a first and a second data outputted by the image 
pickup device; a first encoder in communication with the first data register, 
operating the first and the second data to obtain a difference between values of 
the first and the second data; and a second encoder in communication with the 
first encoder and the frame buffer, encoding the difference into a length- variable 
recovery data code in a first condition of the difference, encoding the difference 
into a first constant-length recovery data code in a second condition of the 
difference, and encoding the difference into a second constant-length recovery 
data code in a third condition of the difference. 

[0019] In one embodiment, the first condition holds when the difference 
has the absolute value thereof less than a first threshold, the second condition 
holds when the difference has the absolute value thereof no less than the first 
threshold but no greater than a second threshold, and the third condition holds 
when the difference has the absolute value thereof greater than the second 
threshold. 
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[0020] In one embodiment, each of the first data, the second data and the 
difference has a bit number m. 

[0021] Preferably, the length- variable recovery data code has a bit number 
less than m, and each of the first and the second constant-length recovery data 
code has a bit number equal to m. - 

[0022] In one embodiment, the second constant-length recovery data code 
is proportional to the difference. The data compressing and decompressing 
device further comprises: a second data register storing therein the first data 
having been compressed and decompressed; and a decoder in communication 
with the frame buffer and the second data register, decoding the length- variable 
and the first constant length into the difference according to a correlation table, 
and decoding the second constant length recovery data code by operating the 
second constant length recovery data code. 

[0023] In one embodiment, the second constant-length recovery data code 
is proportional to the second data. The data compressing and decompressing 
device comprises: a second data register storing therein the first data having 
been compressed and decompressed; and a decoder in communication with the 
frame buffer and the second data register, decoding the length-variable and the 
first constant length into the difference according to a correlation table, and 
decoding the second constant length recovery data code by operating the second 
data. 

[0024] The first encoder, foe example, can be a differential pulse encoding 
modulator. 

[0025] The above objects and advantages of the present invention will 
become more readily apparent to those ordinarily skilled in the art after 



reviewing the following detailed description and accompanying drawings, in 
which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] Fig. 1 is a block diagram showing the structure of a conventional 
computer system; 

[0027] Fig. 2 is a block diagram showing a graphic display module for use 
in a computer system according to a preferred embodiment of the present 
invention; 

[0028] Fig. 3 is a block diagram showing a graphic display module for use 
in a computer system according to another preferred embodiment of the present 
invention; 

[0029] Fig. 4 is a block diagram showing the compressing device for use in 
the graphic display module according to a preferred embodiment of the present 
invention; 

[0030] Fig. 5A is a correlation table schematically showing the 
compressing and decompressing algorithm for use in the graphics display 
method according to a preferred embodiment of the present invention; 
[0031] Fig. 5B is a correlation table schematically showing the 
compressing and decompressing algorithm for use in the graphics display 
method according to another preferred embodiment of the present invention; 
[0032] Fig. 6 is a block diagram showing the decompressing device for use 
in the graphic display module according to a preferred embodiment of the 
present invention; 

[0033] Fig. 7A is a schematic diagram showing a conventional format of a 
compressed data; and 
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[0034] Fig. 7B is a schematic diagram showing a format of a compressed 
data obtained by the compressing method according to the present invention. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0035] Referring to Fig. 2, a computer system comprising therein a 
graphics display module executing the graphics display method according a 
preferred embodiment of the present invention is illustrated. The graphics 
display module comprises a microprocessor 20, a north bridge chip 21, a south 
bridge chip 22, a system memory 23 and a graphics card 24. The north bridge 
chip 21 and the south bridge chip 22 control data flows among the 
microprocessor 20, the system memory 23, and a plurality of I/O devices 
including the graphics card 24. The graphics card 24 is electrically connected to 
the north bridge chip 21 via a PCI (Peripheral Component Interconnect) or AGP 
(Accelerated Graphics Port) bus, and comprises a graphics chip 241, a local 
memory 242, an image pickup device 243 and an image display device 244. A 
data compressing device 2411 and a data decompressing device 2412 are 
incorporated into the graphics chip 241. The image pickup device 243, for 
example a TV signal decoder, is employed to convert analog image data (for 
example in an NTSC or a PAL format) into digital image data (for example in a 
YUV422 format), and the digital image data are then transmitted to the graphics 
chip 241 of the graphics card 24. The digital image data are compressed into 
compressed image data and stored in the frame buffer defined in the local 
memory 242. When the compressed image data are to be stored as an image file, 
the compressed image data can be written into the system memory 23 in a direct 
memory access (DMA) mode and then transferred to the hard disc 26. 
[0036] When the image file is ready for display, the image file is firstly 
transmitted from the hard disc 26 to the system memory 23, and then the 
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compressed image data are moved into the frame buffer of the local memory 
242 in a DMA mode. The image file is then decompressed by the data 
decompressing device 2412 and recovered into the original digital image data, 
which are then transmitted to the image display device 244 to be displayed on a 
screen 27. 

[0037] Referring to Fig. 3, another graphics display module executing the 
graphics display module for use in a personal computer system according to the 
present invention is shown. The personal computer system comprises a 
microprocessor 30, a north bridge chip 31, a south bridge chip 32, a system 
memory 33 and a graphics card 34. The north bridge chip 31 and the south 
bridge chip 32 control data flows among the microprocessor 30, the system 
memory 33, and a plurality of I/O devices including the graphics card 34. The 
graphics card 34 is electrically connected to the north bridge chip 3 1 via a PCI 
(Peripheral Component Interconnect) or AGP (Accelerated Graphics Port) bus, 
and comprises an image pickup device 343 and an image display device 344. 
The image pickup device 343, for example a TV signal decoder, is employed to 
convert analog image data (for example in an NTSC or a PAL format) into 
digital image data (for example in a YUV422 format). The digital image data 
are then transmitted to a graphics chip 341 integrated into the north bridge chip 
31. A data compressing device 34 11 and a data decompressing device 3412 are 
incorporated in the graphics chip 341. The digital image data, transmitted from 
the image pickup device 343 are compressed into compressed image data by the 
data compressing device 3411 and stored in a frame buffer defined in an AGP 
(Accelerated Graphics Port) memory block 331 of the system memory 33. 
When the compressed image data are to be stored as an image file, the 
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compressed image data are written into a general memory block 332 in the 
system memory 33 in a DMA mode and then transferred to the hard disc 36. 
[0038] When the image file is ready for display, the image file is firstly 
transmitted from the hard disc 36 to the AGP memory block 331 of the system 
memory 33. The image file is then decompressed by the data decompressing 
device 3412 and recovered into the original digital image data, w^hich are then 
transmitted to the image display device 344 to be displayed on a screen 37. 
[0039] Since the image data are compressed in advance, the data to be 
transmitted will be effectively minimized during the image pickup and display 
operations. Therefore, memory space, memory bandwidth, bandwidth of the 
PCI or the AGP bus and even storage space of the non- volatile memory device 
can be largely saved so as to enhance the overall performance of the computer 
system. 

[0040] The data compressing and decompressing devices and the graphics 
display methods applicable thereto will be further illustrated in detail as follows 
by giving the graphics display module of Fig. 2 as an example. 
[0041] Please refer to Fig. 4. The data compressing device 2411 of Fig. 2, 
which is arranged and coupled between the image pickup device 243 and a 
frame buffer 43, comprises a first data register 40, a differential pulse encoding 
modulator 41 and a length- variable encoder 42. The digital image data in a 
YUV422 format are exemplified herein for illustrating the compressing and 
decompressing operations, wherein Y indicates luma value, and U and V 
indicate chroma value. For processing the luma value Y, the luma values Y(i) 
and Y(i+1) of two immediately adjacent pixels, each being expressed by 8-bit 
digital data, are entered to the first data register 40, Then, the 8-bit digital data 
Y(i) and Y(i+1) are processed by the differential pulse encoding modulator 41, 
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which functions as a first encoder, to take their difference. The difference 
between the luma values Y(i) and Y(i+1) are inputted into and processed by the 
length-variable encoder 42, which functions as a second encoder, to obtain the 
compressed data. 

[0042] Please refer to the correlation table of Fig. 5 A or 5B, the left, 
portion of which is associated with the encoding operation of length-variable 
encoder 42. In the table, the possible differences Di between the luma values 
Y(i) and Y(i+1), i.e. Di = Y(i+1) - Y(i), are Usted. The differences Di could be 
positive or negative. Since 8-bit digital data Y(i) and Y(i+1) are exemplified 
herein, they can be expressed by Y(i)[7:0] and Y(i+1)[7:0]. Statistically, the 
color values of two immediately adjacent pixels, including luma and chroma 
values, will not differ dramatically. In other words, most differences Di are 
distributed within the small number zone. Accordingly, for the frequently 
appearing differences Di being relatively small numbers, they are encoded to 
impart thereto a reduced bit number less than eight so as to achieve the purpose 
of efficient compression. For the differences Di being relatively large numbers, 
which appear at quite limited frequency, the differences Di are expressed by 8- 
bit data. Further more, when the difference number is further increased, an 
exceptional encoding rule is used, which will be described later. In the table of 
Fig, 5 A or 5B, the numbers 8 and 15 are used as threshold values for 
determining which encoding rule is applied for the current difference Di. It is 
understood, however, the threshold values may vary with practical designs. 
[0043] Referring to the left two columns of Fig. 5A, for the differences Di 
having absolute values smaller than the first threshold value "8", they are 
encoded into various lengths of recovery data codes. For example, when Di = 0, 
the recover data code is "100". When Di = 1 or -1, the recover data code is 
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"101s", wherein s is either 0 or 1 for representing the positive or negative sign of 
the difference Di. When the absolute value of Di is equal to or greater than the 
first threshold value "8" but no greater than the second threshold value "15", an 
8-bit recovery data code is used to represent the difference Di. Likewise, a 
symbol "s" is tagged to indicate the difference is either positive or negative. 
When the absolute value of Di is greater than the second threshold value "15", 
the corresponding recovery data code is defined by a bit value equal to Di/2. 
[0044] Since Di is equal to Y(i+1) - Y(i), Y'(i+1) can be obtained by 
adding Di' to Y'(i) in the decompressing process, where Y'(i+1) indicates the 
decompressed luma value of the currently processed pixel, Di' indicates the 
decoded difference, and Y'(i) indicates the decompressed luma value of the 
previous pixel, which has been stored in the second data register 50 (Fig. 6). The 
decoded difference Di' is obtained by decoding the recovery data code. For 
example, the recovery data code "100" will be decoded to obtain the decoded 
difference Di equal to 0. The decompressed luma value Y'(i+1) of the currently 
processed pixel, which is substituted by Y'(i) + Di', is thus equal to Y'(i) + 0 = 
Y'(i). In another example, if the recovery data code is "101s", it will be 
decoded to obtain the decoded difference Di' = 1 or -1 and thus Y'(i+1) = Y'(i) 
± 1. In the case that the absolute value of the difference Di' is greater than the 
second threshold value, e.g. 15, the decoded difference Di' is obtained by 
doubling the bit value of the recovery data code Di/2. The decoded difference 
Di' is then added to the decompressed luma value Y'(i) of the previous pixel to 
obtain the current decompressed luma value Y'(i+1). 

[0045] Another embodiment of the compressing method is referred to the 
table of Fig. 5B. Fig. SB's table is similar to Fig. 5A's except the encoding rule 
applied when the absolute value of Di is greater than the second threshold value, 
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e.g. "15". In this case, the recovery data code for Di having an absolute value 
greater than 15 is not directly correlated to the difference Di any longer. In 
stead, the recovery data code is obtained by dividing the luma value Y(i+1) by 
two. In other words, the end bit, i.e. the least significant bit, of the luma value 
Y(i+1) is truncated, and the bit "0" is added to the truncated luma value. Y(i+1) 
as the leading bit. 

[0046] It is to be noted that according to the encoding rules as shown in 
Fig. 5B, all the differences Di having absolute values equal to or smaller than 
the second threshold value "15" have the same leading bit "1", while the others 
have the same leading bit "0". 

[0047] Afterwards, when the compressed data stored in the frame buffer 43 
in the format of the recovery data codes are to be displayed, the data 
decompressing device 2412 comprising a second data register 50 and a decoder 
51, as shown in Fig. 6, recovers the compressed data stored in the frame buffer 
into the digital image data Y'(i+1)» Y'(i),.... First of all, the decoder 51 
determines whether the absolute value of the difference Di' is larger or smaller 
than the second threshold value according to the leading bit of the recovery data 
code. For example, as shown in Fig. 5B, if the leading bit is "1", it is indicated 
that the absolute value of the difference Di' is no greater than the second 
threshold value. Since Di is equal to Y(i+1) - Y(i), the decompressed data 
Y'(i+1) can be obtained by adding Di' to Y'(i). Accordingly, the decompressed 
luma value Y'(i+1) is obtained by adding the difference value Di' to the luma 
valur Y'(i) of the previous pixel, which is stored in the second data register 50. 
As for the difference Di', it can be realized by decoding the recovery data code, 
as mentioned above. On the other hand, if the leading bit is "0", it is indicated 
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that the absolute value of the difference Di' is greater than the second threshold 
value. 

[0048] In this case, the bit value of the divided luma value Y(i+1) is 
directly doubled to obtain the decompressed luma value Y'(i+1). That is, the 
most significant 7 bits of the luma value Y(i+1) are recovered, and a bit "0" is 
tagged to obtain the decompressed luma value Y' (i+1)- 

[0049] In spite the recovered digital image data may be a little bit distorted 
when the absolute value of Di between two immediately adjacent pixels is 
greater than the second threshold value, in either of the embodiments as shown 
in Figs. 5 A and 5B. The slight distortion is negligible under such highly 
contrast situation. 

[0050] The above embodiments are illustrated with luma values. The same 
principle can be applied to the chroma values U or V as well. No repeated 
description will be made herein. 

[0051] Conventionally, a format as shown in Fig. 7A is used to store the 
compressed image data. For the compressed data obtained by the present 
compressing method, however, such format is not suitable because the bit 
numbers of Y, U and V may vary. Therefore, an improved storing format of the 
compressed image data is adopted for solving this problem. Please refer to Fig. 
7B, wherein YHeader and CHeader indicate the luma and the chroma data, 
respectively. The information of the YHeader and CHeader facilitates to the 
subsequent decompressing operation and/or DMA operation. For example, the 
YHeader and CHeader are encoded with 0000-0000 to 0000-0111. The luma 
data (Y) and the chroma data (U and V) are stored in different memory buffers. 
This format facilitates the practice of the pipeline architecture in the hardware 
circuit. Since the sampling frequency of luma data Y is twice of the chroma 
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data U or V under the YUV 422 format, two decoders can be used to decoding 
the luma data and the chroma data, respectively, in the decompressing process. 
By this way, the complete pixel data Y, U and C can be recovered by decoding 
one entry of data at each clock unit by each decoder. 

[0052] From the above description, it is apparent that the compressing and 
decompressing method can be easily performed and especially comply with the 
requirement of the graphics display device and graphics display method 
involving with data compression and decompression mentioned above. The 
present invention is also advantageous for no requirement on complicated 
circuitry. 

[0053] While the invention has been described in terms of what is 
presently considered to be the most practical and preferred embodiments, it is to 
be understood that the invention needs not be limited to the disclosed 
embodiment. The compressing and decompressing method, although being 
illustrated with reference to graphics display device and method, can be applied 
to various image-processing fields in addition to graphics display. It is intended 
to cover various modifications and similar arrangements included within the 
spirit and scope of the appended claims which are to be accorded with the 
broadest interpretation so as to encompass all such modifications and similar 
structures. 
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